In conjunction with the construction of a diversity-oriented synthesis library of 10-membered ring "natural product-like" macrolides, the design, synthesis, and validation of a unique class of bifunctional linchpins, uniting benzyne reactivity initiated by type II anion relay chemistry (ARC) has been achieved, permitting access to diverse [2+2] , [3+2] , and [4+2] cycloadducts.
benzyne cycloaddition | natural product-like macrolides T he discovery of chemical reactivity, coupled with innovative synthetic strategies, comprises the hallmark of complex molecule synthesis. Toward this end, we recently embarked on a research program to demonstrate the potential utility of anion relay chemistry (ARC) (1), a strategic reaction paradigm recently introduced by our laboratory for the iterative construction of architecturally complex natural and unnatural products (Scheme 1).
The driving force for this program was based on the recognition that although numerous elegant strategies, complete with exquisite stereochemical control, have been devised and implemented over the past several decades to access complex natural and unnatural products, the individual steps required for the multistep sequences often produce only minimal augmentation in structural complexity (2) (3) (4) (5) . In addition, the requisite purifications add time and costs, not to mention material loss and/or production of a significant waste stream. ARC, a multicomponent union tactic (6) (7) (8) , holds the potential to alleviate, at least in part, these shortcomings. Particularly important is the potential to improve step efficiency, a critical aspect of complex molecule construction.
As defined, ARC entails orchestration of negative charge migration either through the bonding network of a molecule, as in the well recognized Michael or conjugate addition reaction, or alternatively transfer of charge "across space" by using a relay agent. An early example of the latter is the classic [1, 2] -Brook rearrangement of α-trialkylsilyl alcohols (9, 10) initiated by strong base. Further analysis of the across space tactic reveals two subtypes (I and II), differentiated by the final locus of the reactive center after rearrangement. In Type I ARC (Scheme 1A), the negative charge is returned to the original carbon, permitting the reactive anion to serve as an effective tricomponent linchpin, a tactic (Scheme 2) that has served us well both during our 1-g synthesis of (+)-spongistatin 1 (17) (11) and the construction of alkaloid (-)-205B (22) (12) .
For the Type II protocol (Scheme 1B), the negative charge is transferred to a distal site, available for reaction either with simple terminating electrophiles, or for iterative reactions with a series of bifunctional linchpins, a process not dissimilar to "living polymerization" (13) . It is the iterative reaction sequence, with diverse bifunctional linchpins that holds the greatest potential both for efficient construction of complex natural and unnatural products, as well as for diversity-oriented synthesis (DOS) (14) . Of considerable significance, members of the DOS-derived libraries generated by this strategy would have a high ratio of sp 3 to sp 2 hybridized carbon atoms, an important structural feature missing in many existing screening collections (15, 16) .
Early on, the synthetic potential of the Type II ARC protocol was limited by the lack of bifunctional linchpins. Fully convinced of the synthetic potential of the ARC concept, especially the iterative protocol, we set out to design, synthesize and validate effective new linchpins and then to demonstrate the potential of this tactic in DOS. Initial studies led to a series of bifunctional linchpins (Scheme 3A), comprising vinyl silanes, bearing β-or γ-electrophilic sites (aldehyde or epoxide). Application of carefully defined Brook rearrangement conditions [temperature, solvent polarity, and counter ion such as Li, K, and Cu(I)] to trigger the requisite [1, 4] -C (sp 2 )→O silyl group migration permitted the development of multicomponent alkylation and cross-coupling reaction sequences (17) . Equally effective, a series of three and four carbon benzyl and phenylthiomethyl silane bifunctional linchpins (Scheme 3B), bearing electrophilic sites either β or γ to a trialkylsilyl group, proved to be competent linchpins in multicomponent reactions (18) .
To demonstrate the potential of the iterative Type II ARC tactic for DOS, we selected our original epoxy silyl dithiane linchpin (-)-28 and the newly reported ortho-trimethylsilyl (TMS) benzaldehyde (29) to validate a proof of concept reaction sequence (19) . The targets were syn and anti natural product-like macrolides 31a and 31b (Scheme 4). In the event, the reaction sequence proceeded in six steps, with an overall yield of 25% (i.e., 13 and 12%, respectively), which corresponds to an average yield of 80% per transformation.
Having achieved the reaction sequence proof of concept, we turned to the construction of a focused library of 10-membered ring macrolides based on 31 (Scheme 5), using several different acids (33) as coupling partners for Steglich esterification (DMAP/DCC) (20) . We set as a goal a prospective tenet for DOS that we hope will become widely adopted by the DOS community: construction of all possible diastereomers and enantiomers of a chosen scaffold (21) . Such a goal would, at least for some congeners, demand the development of innovative chemistry, as occurs in the field of natural product total synthesis. Pleasingly, we record here the successful completion of a library consisting of the 24 possible congeners of 31, including both saturated and unsaturated 10-membered ring macrolides, which has been submitted to the National Institutes of Health Molecular Libraries Small-Molecule Repository (MLSMR) for high-throughput screening (SI Appendix). cycloadditions, a mixture of linchpin and arynophile was treated with MeLi at −78°C for 10 min in THF, followed, in turn, by warming to 0°C for 10 min before the silyl group was removed. However, with benzylazide, an arynophile known to react with alkyl lithium (26) , linchpin 34 was first reacted with MeLi in Et 2 O for 5 min at −78°C. In turn, benzyl azide was then added in THF at −78°C and allowed to react for 2 min exploiting a solvent, temperature, and reaction time known to initiate and complete the Type II ARC/benzyne reaction sequence. Treatment with 1 M HCl to remove the TMS Turning next to the feasibility of the intramolecular cycloaddition manifold, we note that such cycloadditions have been achieved by using fixed cisoid dienes, such as furan and other cyclic dienes in natural product total synthesis (29) (30) (31) 2 )→O Brook rearrangement, we quickly realized that the terminal olefins in 47b and 47c were simply too unreactive to serve as a viable arynophile. Success, however, was achieved with the intramolecular [3+2] cycloaddition by using alcohol 49a (Scheme 11) when the reaction was carried out in a dilute THF solution (0.005 M) to avoid intermolecular reaction with KHMDS (1.1 equiv) to trigger the Brook rearrangement; the yield of 50a was 76%. To the best of our knowledge, this is the (35) . Pleasingly, upon revisiting the conversion of 51 to 52 (Scheme 12A), decreasing the concentration with Et 2 O after addition of MeLi followed by addition of KOt-Bu in THF to trigger the Brook rearrangement was also effective. Oxidation with PCC furnished cycloadduct 52 in 75% yield for the two steps (Scheme 13).
Encouraged by these results, we turned to validation of a "onepot" two-component protocol, using linchpin 34 and the alkyl lithium derived from iodide 56 carrying a furan (Scheme 14), taking advantage of the conditions used above (Scheme 13). In the event, addition of the alkyl lithium derived from 56 in Et 2 O (0.1 M), followed in turn by dilution with Et 2 O to a substrate concentration of 0.005 M, transmetallation using KOt-Bu in THF, and PCC oxidation of the derived adduct pleasingly furnished cycloadduct 55, albeit in a modest 33% yield for the two steps.
Summary
During the development and application of an iterative Type II ARC strategy for DOS, that permitted construction of the 24 possible congeners of a focused library of 10-membered ring natural product-like macrolides, we designed, synthesized, and validated a unique class of bifunctional linchpins that led to the union of ARC with benzyne reactivity. This union greatly enhances the future potential of the ARC tactic by permitting access to diverse scaffolds that arise via inter-and intramolecular 
Materials and Methods
General. Unless otherwise indicated, all reactions were carried out under an argon atmosphere in flame-or oven-dried glassware, and solvents were freshly distilled or obtained from a solvent deoxygenation system. Chemical Synthesis. Details for the synthesis of linchpins, intermediates, and cycloadducts, as well as spectroscopic/analytical data for all new compounds, are available at SI Appendix.
Representative Procedure for ARC Tactic. To a precooled (-78°C) solution of 2-methyl-1,3-dithiane 27 (1.24 g, 9.2 mmol, 1.2 equiv) in THF (15 mL) was added KOt-Bu (1.0 M in THF, 9.7 mL, 9.7 mmol, 1.26 equiv) and t-BuLi (1.7 M in pentane, 5.7 mL, 9.7 mmol, 1.26 equiv). The resulting solution was stirred at -78°C for 30 min, and a solution of epoxy silyl dithiane linchpin (-)-28 (2.24 g, 7.7 mmol, 1.0 equiv) in THF (15 mL) was added. The mixture was stirred for 20 min at -78°C and then a solution of aldehyde 29 (1.64 g, 9.2 mmol, 1.2 equiv) in THF (15 mL) was added via cannula. After stirring for 30 min at -78°C, the resulting solution was transferred via cannula to a mixture of CuI (1.75 g, 9.2 mmol, 1.2 equiv) and HMPA/THF (10 mL/10 mL) at 0°C and then warmed to ambient temperature and stirred for 30 min. Allyl bromide (2.0 mL, 23.1 mmol, 3.0 equiv) was next added at ambient temperature and after 1 h, the reaction was quenched with saturated aqueous NH 4 Cl solution (100 mL). The resulting mixture was then extracted with Et 2 O (100 mL × 3) and the organic layers were combined, washed with brine (100 mL), dried over 
